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Abstract. A precise empirical relation between the electromagnetic coupling a(mz) and sin 2 9^ 
— where 9^ is the effective electroweak mixing angle extracted from Z leptonic decays — is made 
manifest: 

sin 3 9if f cos 9if f 

> 

'. In this paper we propose an ansatz for the gauge couplings of the Electroweak 

model which allows to derive numerical values for the mass of the Z boson and the 



leptonic weak mixing angle that are in remarkable agreement with the corresponding 
experimental figures. 

Consider g(mz) and g'(mz) , the two running gauge couplings corresponding to SU (2) 
^ ■ and U(l), respectively, in electroweakdynamics (Glashow-Weinberg-Salam model). 
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They are defined at the Z mass scale and are dimensionless just as e(mz) = ^4na(mz), 
where e(mz) is the electromagnetic coupling defined at the Z mass scale. We have the 
well-known rectangular triangle relations of the SU (2) x U(l) gauge theory: 

g 2 (m z ) +g' 2 (m z ) = g 2 z (m z ), (la) 

-J— + = ^— (lb) 

g 2 (m z ) g' 2 {m z ) e 2 {m z y 

g{mz)-g'{rnz)=gz{mz)-e{m z ), (lc) 

with gz(fnz), the Z coupling. 

The gauge couplings g(niz),g'(mz) and gz( m z) can be written as functions of e(mz) 



and sin 2 9^: 



g{m z ) = . , (2a) 
sin0 eff 



e{m z ) 
*eff 



g'(mz) = -A*L, (2b) 
costr 



gz{mz) = — — g ~r, (2c) 

sin0*g.cos0^ 



where 6^ is the effective electroweak mixing angle extracted from Z leptonic decays 
[1]. 

In this paper we propose that the couplings g,g' ,g z and e, at the Z mass scale, are 
functions on 6^ only. Using the following ansatz 

g(m z )g'(m z ) = gz(m z ) e(m z ) = sin 2 0^ ff , (3) 
we get from Eqs (2a-c) 

g 2 (m z ) = sin B e Q ff cos 0* ff , (4a) 

g|(m z ) = tan^ ff , (4b) 

g 12 (m z ) = sin 0* ff cos 0* ff tan 2 0^ ff , (4c) 

e 2 (m z ) = sin 3 0* ff cos 6^. (4d) 
Using Eq.(4d) and the result [2] 

cT 1 (m z ) = 128.952 ± 0.049, (5) 

we obtain 

sin 2 0^ = 0.231 16 ±0.00007, (6) 
to be compared with the experimental value [1], 

sin 2 eLr = 0.23 113 ±0.00021 (7) 



extracted from Z leptonic decay data. We don't consider sin 2 0^^ extracted from Z 
hadronic decay data [1] because of possible hadronic complications. The comparison 
between Eqs (6) and (7) is impressive. This is the main result of our paper. 
Now, we define the Z boson mass as 



v 

m z = g z {m z )-. (8) 
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Using Eqs (4b), (6) and 



V= w^) =246 - 218 ( 1 ) GeV ' ( 9 ) 

where Gf is the Fermi coupling constant [3], we get 

m z = 91.1611 ±0.0086 GeV. (10) 

In order to compare this prediction of our ansatz with experiments, let us remember that 
we can define the Z boson mass at least in three different ways: m z , m\ and m,2 [3]. 



We proceed to describe the relations among these mass parameters. We start from the Z 
boson propagator proportional to 



D'Us) =s-ml + i — r z 
m z 
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m z and r z are the usual Z boson mass and width used by experimentalists [3]: 

m z = 91. 1876 ± 0.0021 GeV, (12a) 

T z = 2.4952 ± 0.0023 GeV. (12b) 

To get the values of (mi,ri) and (m 2 ,r 2 ) defined at the Z pole, we use the following 
formulae derived from Eqs (1 la-c): 

£z = n 

m z mi ' 
Timi = T 2 m 2 , 



r 2 ' 

m z 



(13a) 
(13b) 
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m = 
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With the help of Eqs (12a-b), (13c) and (13d), we obtain 

mi =91. 1535 ±0.0021 GeV, 
m 2 = 9 1.1 620 ±0.0021 GeV. 



(14a) 
(14b) 



A comparison between Eqs (10), (12a), (14a) and (14b) indicates that the central value 
in Eq.(10) is in very good agreement with the one of Eq.(14b). Therefore, we propose 



m 2 = m z = gz(mz)-. 
It is interesting to note that if we use Eqs (4b), (14b) and (15), we get 

a-\m z ) = 128.946±0.011, 

sin 2 0^ ff = 0.23 117 ± 0.00002, 
to be compared with Eqs (5) and (7). 



(15) 

(16) 
(17) 



Conclusions. 

From our ansatz given in Eqs (3) or (4d), we get Eq.(6) from Eq.(5). This is the main 
result of our paper. Assuming Eq.(15), we obtain Eq.(16) and (17). Agreement with 
experimental data (Eqs (5) and (7)) is remarkable. It is perhaps fortuitous. If not, the 
question is: why ? 
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